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Nanolaminate manufacturing (NLM) is a new way of developing materials whose
properties can far exceed those of homogeneous materials. Traditional alloys, composites
and bulk laminates tend to average the properties of the materials from which they were
made. With nanostructured materials, the high density of interfaces between dissimilar
materials results in novel material properties. For example, materials made from
alternating nanoscale layers of metals and oxides have exhibited thermal conductivities
far below those of the oxides themselves. Also, metallic nanolaminates can have peak
strengths 100 times larger than the bulk constituent metals. Recent work at MSFC has
focused on the development of nickel/aluminum oxide (Ni/Al;Os) nanolaminates.
Ni/Al,O3 nanolaminates are expected to have better strength, creep and fatigue resistance,
oxygen compatibility, and corrosion resistance than the traditional metal-matrix
composites of this material, which has been used in a variety of aerospace applications.
A chemical vapor deposition (CVD) system has been developed and optimized for the
deposition of nanolaminates. Nanolaminates with layer thicknesses between 10 and 300
nm have been successfully grown and characterization has included scanning electron
microscopy (SEM) and atomic force microscopy (AFM).

Nanolaminates have a large variety of potential applications. They can be tailored to have
both very small and anisotropic thermal conductivities and are promising as thermal
coatings for both rocket engine components and aerobraking structures. They also have
the potential to be used in aerospace applications where strength at high temperatures,
corrosion resistance or resistance to hydrogen embrittlement is important. Both CVD and
magnetron sputtering facilities are available for the deposition of nanolayered materials.
Characterization equipment includes SEM, AFM, X-ray diffraction, transmission electron
microscopy, optical profilometry, and mechanical tensile pull testing.
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